This paper presents the design, fabrication and characterization of a wireless capacitive pressure sensor with directional RF chip antenna that is envisioned for the health monitoring of aircraft engines operating in harsh environments. The sensing system is characterized from room temperature (25°C) to 300°C for a pressure range from 0 to 100 psi. The wireless pressure system consists of a Clapp-type oscillator design with a capacitive MEMS pressure sensor located in the LC-tank circuit of the oscillator. Therefore, as the pressure of the aircraft engine changes, so does the output resonant frequency of the sensing system. A chip antenna is integrated to transmit the system output to a receive antenna 10 m away.
INTRODUCTION
Sensing systems for health monitoring in harsh environments, specifically high temperatures, are of extreme importance and are highly sought for many applications from the oil and gas industry to monitoring the performance of aerospace systems. Currently, the largest user of high-temperature sensing electronics is the downhole oil and gas industry. In the past, drilling operations were at maximum temperatures of 150°C to 175°C, but declining reserves of easily accessible natural resources, coupled with the advances in technology, have motivated the industry to drill deeper, and as a result, the electronics must operate as high as 300°C [1] . The automotive industry is another field where high temperature sensor electronics are widely used. The need to locate sensors, signal conditioning and control electronics closer to the heat sources will be an essential requirement [2] . For example, cylinder pressure temperatures are monitored up to 300°C, and exhaust sensing can be as high as 850°C [3] . Additionally, in the aerospace industry, aircraft engines that use intelligent controls and health monitoring require a variety of sensors [4] . Many of the sensors operate at temperatures at and above 500°C, requiring electronics that can function at these temperatures to assure essential health monitoring [5, 6] . Combining health monitoring in harsh environments with real-time wireless transmission of diagnostic data to a remote receiver greatly enhances the sensing system functionality and importance [7] . Although efforts in this area have been made, they often used large thin film spiral inductors as the radiating element [8, 9] . However, large inductors are very sensitive to changes in environmental conditions, including a shift in the output frequency if the inductor is placed near a metallic surface. In addition, the large spiral inductor greatly increases the overall size of the sensing system.
In this paper, the development of a wireless capacitive MEMS pressure sensor with integrated directional chip antenna designed for high temperature applications is described. To the best of our knowledge, this is the first effort to integrate a chip antenna with a sensing system for harsh environment applications. The directional antenna allows for maximum power transfer to the receiver. 
PRESSURE SENSOR DESIGN
The capacitive micro-electromechanical systems (MEMS) � .
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OSCILLATOR WITH PRESSURE SENSOR
A circuit schematic of the Clapp-type oscillator with an integrated capacitive pressure sensor is shown Fig. 4 .
The resonant frequency of the oscillator greatly depends on the values of the inductor, LT, and the pressure sensor, CT.
As the pressure increases, the capacitance of the pressure sensor decreases, causing the resonate frequency of the sensing system to increase. More information on the design methodology for this oscillator can be found in [10].
The sensing system was fabricated on an alumina
CoorsTek Superstrate 996 with a dielectric constant of 9. 9
and a substrate thickness of 500 ).tm. The metallization consists of a Ti/Au (0.15/1.5 ).tm) layer, which was deposited using an E-beam evaporator. Finally, gold wire bonds were used to make electrical connections between components and pads.
A Cree CRF24010D SiC MESFET is the active device 
WIRELESS PRESSURE SENSOR
The chip antenna and matching network were added to the output of the oscillator/pressure sensor via gold wire bonds, as seen in Fig. 7 . All components were mounted onto alumina substrates using high temperature silver epoxy from Cotronics. The pressure sensor is 15 mm x 5 mm, the oscillator is 7 mm x 7 mm, and the chip inductor is 25 mm I   120  122  124  126  128  130  132  134 Frequ ency (MHz) Offset Frequency (Hz) Figure 11 . Phase noise of the wireless pressure sensor.
CONCLUSION
The development of a compact wireless pressure sensor with directional chip antenna for use in high temperature applications has been presented. The wireless system has an extremely linear response over the pressure and temperature ranges of 0 to 100 psi and 25 to 300°C, respectively. Furthermore, the phase noise of the wireless system is -30 dBc/Hz at the 1 kHz offset and goes down to -80 dBc/Hz at the 10 kHz offset frequency, indicating the oscillator has good operation over the entire temperature range. The wireless system utilizes a directional chip antenna to create a system that is highly directional over a 10 m distance. To the best of our knowledge, this is the first successful demonstration of a wireless pressure sensor with an integrated chip antenna operating under high temperature conditions.
